INTRODUCTION
The Camargue area (75,000 ha) lies within the Rhône delta and is one of the most important wetlands in the South of France. Crustaceans inventories were first made in the region in the late nineteenth century and Palaemonetes varians Leach 1814 (Palaemonidae Bate, 1888) was first observed a century later by Rosecchi et al. (1998) . Although the identification was made by specialists, controversy still exists concerning the presence of the species in this area.
Palaemonetes varians is a ubiquitous species widely distributed along western European shores from the Baltic Sea (Balls, 1926; Jadzewski and Konopacka, 1993) to Atlantic Moroccan estuaries (d 'Udekem d'Acoz, 1999) . In the Mediterranean, the species is known from the shores of northern Africa in Algeria and Tunisia (d 'Udekem d'Acoz, 1999) , and in Albanian lagoons (Peja et al., 1996) . Only one work (Gourret, 1897) has mentioned the presence of this species on the French Mediterranean coasts. The species of the genus Palaemonetes might have been confounded in the past, which could explain that their distribution is not well defined in the Mediterranean. Indeed, many forms or circa-Mediterranean species of Palaemonetes, considered morphologically distinct from the Atlantic type (P. microgenitor Boas 1889 form, or Palaemonetes varians) were described in western European brackish waters and along the Northern African littoral: P. macrogenitor Boas 1889 form, or Palaemonetes antennarius H. Milne Edwards, 1837, in Italian and Balkan freshwaters; P. mesogenitor Sollaud 1912 form, in some Tunisian oases; P. mesopotamicus Pesta, 1913 form, in Syria and Egypt; P. zariquieyi Sollaud 1938 form or Palaemonetes zariquieyi, in various lagoons of the Gulf of Valencia. The P. turcorum Holthuis, 1961 form has also been distinguished within the morphological comparisons of Palaemonetes species.
Thus specific identification seems very difficult when based only on morphological criteria (Noël, 1993; Rosecchi et al., 1998) . Although Azzouna (1994) proposed various characters to be used for distinguishing species of Palaemonetes, it is still impossible to distinguish P. varians and P. antennarius morphologically. Consequently, before starting the ecological study, the identification of species of Palaemonetes present in the Camargue was first undertaken using a molecular diagnostic technique, comparing individuals to reference specimens identified as P. varians from the Atlantic and P. antennarius from Italy. RAPD-PCR (Random Amplified Polymorphic DNA-PCR) was performed because it proved an excellent tool for species identification in other Crustaceans such as Macrobrachium sp. (Meruane et al., 1996) , Penaeus japonicus and Metapenaeus ensis (Meruane et al., 1997) , and in crabs of the genus Scylla (Klinbuga et al., 2000) .
Once the species was identified, an ecological study of a Camargue population was carried out during a massive 100-year flood during the winter 1993/94 caused by a break in one of the dykes on the Rhône river. Water drained into the Vaccarès coastal lagoon, leading to a rapid and major fall in salinity (from 15 g/l to 5 g/l). Hydraulic management and rainfall in the following years maintained salinity around 5 g/l in this lagoon, for four years. From autumn 1997 onwards, salinity progressively increased up to 14.3 g/l in June 1999. The maintenance of the system at low salinity, was a unique opportunity for studying the long-term impact of environmental changes on the population structure and life history traits of populations of Palaemonetes during this period. It is well known that the response of a population to a particular environment can be observed as changes in metabolism, growth, and reproductive condition, and also as changes in movements and/or migration and behaviour (Sastry, 1983) .
The main objective of this study was to investigate the impact of salinity changes on population structure and reproductive success of one species of Palaemonetes studied in its natural environment, before, during and after such alterations. This study was intended to provide further information on the ecology and population structure of the species found in the French Mediterranean.
MATERIAL AND METHODS

The Study Sites
The Camargue is a large deltaic region of which the largest part, known as the ''Ile de Camargue,'' lies between the two embanked distributaries of the Rhône and a seawall separating it from the Mediterranean Sea (Fig. 1) . The core of this delta area is composed of a complex of interconnected lagoons covering some 11,000 hectares, with a salinity gradient between the north and the south of the system (Heurteaux, 1992) . The only exchanges of water between the sea and the lagoons and the only possible migration routes for aquatic organisms are artificially controlled sluices in the seawall at the ''Grau de la Fourcade'' (Fig. 1) .
The first sampling site, La Capelière, is situated to the east of the Vaccarès lagoon. At this site, the bottom is a sandy silt, and depth varies between 50 cm in summer and 1.5 m in winter. The second station is located in the south of the system, in the Malagroy lagoon (Fig. 1) . A very pronounced seasonal salinity cycle was recorded, with highest values in summer, when evaporation leads to low (20 cm) water levels, and lowest values in winter when water levels rise to 80 cm. Salinity is recorded once a month in several sites within the Vaccarès system by the staff of the Réserve Nationale de Camargue. These data were used to show the long term salinity patterns (8 years) and to compare mean annual values (Fig. 2) .
Sampling
Sampling took place from March 1993 (7 months before the floods) in the Vaccarès and from November 1996 in the Malagroy, and continued at both sites until June 1999. A fyke net, locally called ''capétchade'' and traditionally used by professional fishermen in Mediterranean lagoons was used (see description in Do Chi and Lasserre, 1974) . Each fyke net is composed of a leading net (40 m long) and 3 traps (5 mm mesh). Every month, the nets were set in each site for 5 consecutive days, and visited daily. Prawns were weighed on each sampling day and then put in 10% formalin for further analysis. Catches were expressed in g/h/net (CPUE), and then log transformed, LN (CPUE þ 1), to reduce non-normality and heteroscedasticity of data (Legendre and Legendre, 1984) . Mean annual salinities and inter-annual mean catches were compared by ANOVA, followed by a Student-Newman-Keuls multiple samples comparison test (S.N.K.).
Water temperature (8C), salinity (g/l), photoperiod, precipitation (1/10 mm), water level (in cm a.s.l.), wind speed (m/s) and wind direction were recorded on each fishing day. Stepwise regression was used to test the influence of each environmental variable (recorded on the previous day) on daily CPUE values, both sampling sites combined. A Pearson test was also carried out, to estimate correlation between abiotic factors.
Species Identification
Fifteen individuals per population, kept in 958 alcohol, were sent to the Crustacean laboratory at Poitiers. Atlantic Ocean specimens of P. varians DNA Total Extraction.-Tissues were rehydrated for 2 minutes in sterile water. Total genomic DNA was isolated from muscle. Approximately 2 g were ground with a plastic pestel in microcentrifuge tubes, which contained 400 microliters of the extraction buffer (100 mM Tris, 10 mM EDTA, 100 mM NaCl, 0.1% SDS, 50 mM DTT and 10 lg/ml proteinase K; pH ¼ 8). Samples were incubated at 378C for 4 hours and DNA extracted twice with phenol/chloroform/isoamyl alcohol (25:24:1). The DNA was then precipitated with one volume of isopropanol and 1/10 volume of 3 mM (pH ¼ 5.2) sodium acetate. DNA was collected by centrifugation, dried and diluted in water to a final concentration of approximately 15 ng/ll.
We developed another method for the present study, allowing excellent amplification reproducibility and thus RAPD patterns (phenotypes): a Chelex extraction performed on the muscle tissue. The Chelating resin Chelex (SIGMA) is capable of retaining all inhibitors of PCR. 15 mg muscle (dried in order to eliminate alcohol) were placed in 175 microliters of sterile water containing 5 microliters proteinase K (tube on ice) and crushed with a pestle. Some 175 microliters of water was added and tissue crushed again with the addition of 20 to 40% chelex. The tube was placed 4H at 568C and finally placed 8mn at 1008C in order to inactivate Prot K.
The tube was stored at À208C and, at each use, centrifuged a short time (3mn, 12800rpm) in order to pellet the chelex and take directly in the supernatant the solution needed for amplification. RAPD Amplification.-PCR reactions were performed in a total volume of 25 ll containing: 2.5 ll Taq polymerase buffer 1X (Promega: 50 mM KCl, 10 mM Tris-HCl, pH ¼ 9.0, 0.1% TritonX-100), 2 mM MgCl 2 , 100 lM each dNTP, 5 to 7.5 pmol primer (according to the primer used; Table 1), 0.75 U Taq polymerase (Promega) and 15 ng total DNA. Cycling program was 2 min at 948C, 1 min at 358C, 2 min at 728C followed by 1 min at 948C, 1 min at 358C, 2 min at 728C for 44 cycles and a final extension of 5 min at 728C, using a Trio-Thermoblock (BIOMETRA GmBH, Göttingen, Germany). This strict protocol must be followed to achieve reproducibility and visibility of the amplification products. The search for polymorphism was performed from two sets (Kit A: OPA 1-20 and Kit C: OPC 1-20) of 10-mer primers, all purchased from Operon Technologies (Alameda, California, USA). Six primers which revealed polymorphism were selected to give positive and reproducible results: OPA-01, OPA-02, OPA-10, OPA-12 and OPC-04, OPC-19 (Table 1) . A negative control (without DNA template) was included to each amplification run to ensure that scorable fragments were not artefacts. Amplified products were separated in 1.5% agarose gels in 1X TAE (40 mM Tris base, 20 mM Acetic acid, 2 mM EDTA, pH ¼ 8.4), stained with ethidium bromide and visualized on a UV transilluminator (254 nm). The size of amplified fragments was estimated by comparison with a size standard (Marker MVI, bands from 2175 to 154 bp, Boerhinger Manheim, Germany).
Scoring RAPD Markers.-Bands were scored by placing the negatives of each photograph over a lightbox. By comparing fingerprints within and between gels, we could identify RAPD fragments that were always present with a particular primer and those which were polymorphic. Only bands of high intensity were taken into account because they are the most reproducible (Skroch and Nienhuis, 1995) . RAPD markers were then scored if they displayed a clear polymorphism, i.e., presence or absence, with no faint amplification. If there was a doubt about the reliability of a band, the reaction was repeated before scoring definitively or not.
Ecological Study
Prawns were measured to the nearest 0.1 mm with calipers, from the orbital cavity to the end of the telson (total length ¼ TL) and from the orbit to the post-lateral margin of the cephalothorax (cephalothorax length ¼ CL). Sex was determined by the presence in males of an appendix masculina on the endopod of the second pair of pleopods (Nouvel, 1939) . In this study, we considered that the reproduction period occurred when egg-bearing females were present in the system. Fecundity was determined by counting the number of eggs on each ovigerous female under a binocular microscope. The relationship between length and fecundity was fitted to a power function, and adjusted with linear regression, after LN transformation. Inter-annual comparisons of relative fecundity were conducted with ANCOVA (slope comparisons followed by intercept comparisons). Annual breeding frequency of females was evaluated by considering all ovigerous females, of all sizes, for each year. Mean total female lengths (breeding and no breeding combined) were compared among years with ANOVA followed by a S.N.K. multiple sample comparison test, when ANOVA was significant.
For the study of population structure and growth, only years with adequate number of individuals were selected. The Battacharya method involves a Gaussian approach, based on logarithmic differences. The population structure of prawn Camargue was analysed by this method for 1993 and 1994 for both sexes from the site La Capelière. Individuals from subsamples were measured for each month and distributed over 2 mm class sizes. Sex ratio was expressed as the number of males/number of females recorded each month.
Male and female growth was also analysed for both years 1993 and 1994, after cohorts separation by the Battacharya method. We used as growth parameter the growth ratio k calculated between two age classes, first defined by Amanieu et al. (1978) in Carcinus aestuarii Nardo, 1947. For prawns, growth ratio was defined as follows:
where L tþ1 and L t are total length of the prawn respectively at time t þ 1 and t.
Length-weight relationships were estimated for each cohort after separation of various modes, as described below. For females, only non ovigerous females were used. Correlations obtained followed the allometry law defined by Huxley (1924) and were of the form W ¼ aL b , where W ¼ weight in grams, L ¼ length in millimeters, a and b ¼ constants. In order to be able to use ANCOVA test, for estimating eventual differences between years, these correlations were adjusted with linear regressions after Ln transformation: ln W ¼ ln a þ b ln L.
RESULTS
Species Identification
The selected primers (Table 2) corresponded to the ones exhibiting reproducible fragments with sizes from 139 bp to 1369 bp. The number of bands were from 5 to 10 according to the banding pattern.
RAPD profiles obtained with the primer OPA-01 revealed ten bands in the 377-1369 bp range for the Italian population known as Palaemonetes antennarius. The profiles described in both the Camargue and the Atlantic populations are identical and revealed 8 bands from 394 bp to 1069 bp (Fig. 2a showed the more common RAPD profiles). All the Camargue and Atlantic populations are monomorphic for this primer. Two specific bands were revealed in the Italian population known as P. antennarius (1274 bp and 1369 bp).
With the primer OPC-19 (Fig. 2b ) one band (968 bp) was specific for P. antennarius, and all individuals of this population were identical. In the Camargue populations, RAPD revealed several patterns (bands from 831 to 149bp): for example, there is variability among individuals from La Capelière; individuals from Baisse Salée shared not only a profile with individuals from Malagroy and Atlantic ones (Certes) but also a profile with the ones from La Capelière.
The primer OPC-04 (Fig. 2c) did not allow us to resolve the specific bands because of non informative profiles in the Italian population but in Camargue, profiles were readable and were resolved between 6 bands from 311 bp to 1072 bp. Figure 2c showed profiles with one shared between individuals from Malagroy and from La Capelière. Another is shared between individuals from Certes, Malagroy and Baisse Salée.
With the primer OPA-02, (Fig. 2d ) one profile of six bands (respectively 993, 863, 734, 625, 517 and 310 bp) was common to the Camargue populations from Baisse Salée, Malagroy, Capelière, and the Atlantic population from Certes. A second profile was found in Baisse Salée population (band: 912 bp) and a third in Malagroy (bands from 838 to 492 bp). In P. antennarius, all profiles were monomorphic and resolved in 7 bands, of which three (490, 211 170) were considered as specific (not shown).
With the primer OPA-10 ( Fig. 2d) , only 3 bands were observed in the Italian population and no specific band could be found. In the Camargue and Atlantic populations, a first profile was shared between individuals from Certes and Malagroy, characterised by a band of 734 bp among the bands from 936 bp to 322 bp; the second was related to Certes and Malagroy individuals and revealed bands from 1008 bp to 504 bp.
With the primer OPA-12 (not shown) only one profile (6 bands from 799 to 157 bp) was obtained for all individuals coming from the Camargue and Atlantic. In the Italian population, one resolved between 5 bands was obtained with specific ones (962 bp). Table 2 sums up the results concerning the results of specific bands for the Italian population and brings additional information about the potential usefulness of RAPDs markers to reveal polymorphism within and among populations from the Camargue.
Ecological Study Salinity and Temperature Changes.-Details of changes in salinity and temperature following the floods were published in Gelin et al., 2000 . The main findings are as follows: before the floods, salinity varied from 14.5 g/l in winter to 18 g/l in summer at La Capelière and fell significantly after the floods down to values close to 5 g/l until 1996/97; salinity started to rise again from autumn 1997 onwards (Fig. 3) . At Malagroy, the salinity varied from 23 g/l in winter to 39 g/l in summer before the floods. Afterwards, salinity fell until 1995/96, and then a significant increase was recorded from 1997 onwards (Fig. 3 ). Significant differences were recorded between the two stations from 1992/93 to 1998/99, salinity being significantly higher in the Malagroy.
No significant difference in mean temperature among years was recorded either at la Capelière nor at Malagroy.
Catches.-The mean annual catches at the Capelière station fluctuated significantly during the study period (ANOVA, Reproduction.-The reproductive period (presence of ovigerous females) varied little during the survey and occurred mainly between April and October (Table 3) . A positive nonsignificant correlation was observed between the percentage of ovigerous females and the mean salinity recorded each year during the reproductive period combining data from both sites over all years (r ¼ 0.48; F ¼ 6.15; P ¼ 0.16). There was great inter annual variability at both sites.
Length-fecundity curves were power functions of the type y ¼ ax b (x ¼ length, y ¼ fecundity), adjusted to linear functions after Ln transformation; coefficients of the regressions are given in the Table 4 . Regressions were significant for the three years of study (Table 4) and no difference was observed among years (ANCOVA, P . 0.05), despite the large range of salinities recorded (from 5 to 15.5 g/l). The lowest number of eggs counted was 54 for a female measuring 29.9 mm LT; the highest was 429 for a female measuring 38.7 mm LT.
Mean annual values of the gonado-somatic ratio were comprised between 25.2 and 28 according to the year of study. No relation between the ratio and the length of females was observed and no significant inter-year difference in the ratio was observed (ANOVA, F 2,91 ¼ 0.7; P . 0.05).
Population Structure.-For both years of study, two cohorts of females were recorded from July to September; only one cohort was observed the other months In 1993, two cohorts were recorded in July and August for males, although only one cohort was observed for the whole year 1994.
The relations between CL and TL are about the females CL ¼ 2.55 þ 3.23 TL (N ¼ 104; r ¼ 0.93; t ¼ 26.38; P , 0.05) and for males CL ¼ 5.22 þ 2.77 TL (N ¼ 98; r ¼ 0.95; t ¼ 30.51; P , 0.05). Length frequency histograms coupled with Battacharya method showed that the population structure was unimodal during the year 1993, except in summer (July to September), when a recruitment peak is observed (Figs. 5 and 6 ). In 1993, ovigerous females represented 37.5% of female population in April-May and 28% in June. The peak of juveniles was absent in 1994 after the environmental changes, when most of the females were ovigerous only from August (33.7% of total females) to September (45%). We observed a great disparity between the years 1993 and 1994 in the recruitment, juveniles representing more than 75% of the total population in July 1993, with a mean length of 14.9 mm for males and 15.5 mm for females. In 1994, juveniles represented less than 5% of the total population, between July and September. Size range of juveniles was comprised between 12 and 16 mm LT (3 and 4.2 mm CL respectively). On the length-frequency histograms, life cycle we considered as no disturbed (1993) showed that juveniles appeared from July in the Vaccarès system and that this cohort survived until August of the following year for males and September for females. Life span observed in the Vaccarès lagoon would be thus of 13 months for males and 14 months for females, with maximum lengths of 39.6 mm (11.4 mm CL) and 46.5 mm (13.5 mm CL) respectively.
Young of the year (0þ) may mature as early as August and are able to reproduce for the first time. First ovigerous females recorded measured more than 26 mm, from April to July; afterwards ovigerous females of inferior sizes ap- No significant difference in sex ratio was observed between the two years. Males were dominant in numbers from September to April, then the population was in equilibrium with sex-ratio values close to 1 during the reproductive period.
Growth.-Very few males were captured in summer 1994. Growth ratio has thus been calculated only for females between August and December for both years 1993 and 1994. Values of the ratios were 0.18 for both years despite the changes in environmental conditions. However, mean size calculated between October and December for each year showed that females were significantly bigger in 1994 than in 1993 (ANOVA, F 1,57 ¼ 39.6; P , 0.001).
Males and females showed different condition between 1994 and 1993 (Table 5) : ANCOVA results showed that slopes of length-weight relationships were not significantly different but intercepts of regressions showed a significant difference. Females of the 1994 cohort, for a given size, had a superior weight than individuals of the 1993 cohort. Conversely, at a given size, males showed an inferior weight in 1994 than in 1993.
DISCUSSION
Species Identification
It is well known that, in crustaceans in general, allozymes show a weak variability (Hedgecock et al, 1982) , e.g., about 7% for Decapods. We developed thus a RAPD-PCR analysis, in order to test the potentiality of these markers to distinguish species of Palaemonetes. Contrary to morphological characters, molecular markers such as RAPD are not influenced by environmental conditions and can be used to estimate genetic similarities from DNA data. This way, it is possible to discriminate morphologically close species (Dinesh et al., 1993; Takagi and Taniguichi, 1995) .
We found specific bands especially with primers OPA-01 and OPC-19 that allowed separation of P. varians (the Camargue and Atlantic populations sharing always the same profiles) from P. antennarius without ambiguity. Our results confirmed that RAPD markers are very useful in the interspecific discrimination (cf. Rieseberg, 1996) and this study represents a first application of RAPDs to prawns of the genus Palaemonetes. Such successful studies had also been undertaken in Meloïdogyne invertebrates (Cenis, 1993; Castagnone-Sereno et al., 1994) , and in vertebrates such as the fish Dicentrarchus labrax (Caccone et al., 1997) . In our study, few markers were necessary to distinguish P. varians from P. antennarius: these results are akin to those of Castagnone-Sereno et al. (1994) who showed that only one characteristic band was necessary to separate the four nematod species.
If the main RAPD problem is the results reproducibility, we will be able in the future to use specific bands as diagnostic markers. Our results permitted us to separate Italian species (P. antennarius) and Vaccarès and Certes populations (both P. varians) very quickly. This kind of study will be possible on other circa-Mediterranean species (P. mesogenitor, P. turcorum, P. zariquieri, P. mesopotamicus) and might help resolve the species complex problem. For example, recent work of Voss et al. (1999) distinguished species of slugs despite the impossibility of separating on the basis of morphological criteria various genera and lower taxonomic levels. In a same way, Warnke et al. (2000) developed a clear determination of cephalopod species Octopus vulgaris and O. mimus. Van Bortel et al. (2000) identified on the basis of molecular differences various Anopheles (Diptera) species twins responsible for the transmission of malaria.
Similarly, when neither allozymes nor PCR-RFLP on mtDNA reveal any variability (we amplified Cytochrome oxydase I gene and did not find any polymorphism in Vaccarès lagoon populations, unpublished results), variability has been found by RAPD markers in the crayfish Cherax quadricarinatus (Macaranas et al., 1995) , and in the Peneidae (Garcia et al., 1996a, b; Meruane et al., 1996 Meruane et al., , 1997 . In the Camargue study populations, by researching specific markers, we also revealed an important polymorphism with some of the primers such as OPC-04 and above all OPC-19, OPA-02 and OPA-10.
Ecological Study
Catches.-Our study showed that environmental conditions changed after the freshwater inflow reduced negatively Palaemonetes varians catches. Results showed that the fluctuations in catches were strongly linked with salinity variations, suggesting that low salinity affected the abundance of the species. This species presents strong osmoregulatory capacities, capable of hyperosmotic regulation at low salinity, as well as hypoosmotic regulation at high salinity, and can support salinity fluctuations from 1 to 50 g/l without notable changes in the osmotic pressure (Panikkar, 1941) . It is thus little unlikely that the drop in salinity directly affected the biology and physiology of the species. Our hypothesis is that new environmental conditions could have had an impact on feeding resources and habitat inducing a high mortality rate and being indirectly responsible for the decline in abundance of the species. In the Vaccares system, Grillas et al. (2000) recorded increasing turbidity after the floods, and the area of the Zostera marina meadow decreased from 1993 and had almost disappeared in 1997. Nevertheless, results of our study showed that reproductive success and growth were not affected by environmental changes suggesting that new generations in following years probably adapted well to low salinity conditions. P. varians spends its whole life cycle in the lagoon and one possibility explaining the maintenance of (Berglund, 1985) .
Reproduction.-The reproductive period of P. varians observed in the Mediterranean was similar to that described for the French Atlantic coast (Beaudelin, 1977; Alliot, 1984; Laurent-Bizot-Espiard, 1984) and adjoining seas (Höglund, 1943) . During our study, little difference in reproductive period was observed for this species after the floods. Throughout the monitoring, the percentage of ovigerous females did not seem to have been influenced by salinity variations, and results on fecundity and GSI showed that reproductive success was not affected by decreasing salinity. These results were confirmed by aquaria experiments, where we observed ovigerous P. varians from 5 g/l to 35 g/l (Gelin, 2001) . For this species, salinity does not seem to be a limiting factor for the reproduction. This was demonstrated in a previous study where we showed that floods in the Vaccarès lagoon affected negatively the reproductive success (percentage of ovigerous females and fecundity) in Crangon crangon Linnaeus 1758 (Gelin et al., 2000) ; experimental results confirmed that the main factor explaining these results was the decrease in salinity. In the same way, in the same lagoon system, Palaemon elegans showed lower reproductive success in lower salinities environments (Gelin, 2001 ).
Population Structure.-The disturbance observed in the recruitment period in 1994 seemed linked to the female reproductive period in the lagoon. In 1993, females were ovigerous mainly from April to June, although in 1994, ovigerous females were recorded only in August and September. This late reproduction did not seem favourable for the species, as no juvenile peak was seen in the following months. The second cohort observed between July and September 1994 for the females may have come from larvae hatched in other parts of the lagoon system, more favorable to the reproduction, because no small individuals (from 12 to 16 mm) were observed at La Capelière. It is important to note that salinity conditions at La Capelière, between both sampling years, drastically changed from 15 to 5 g/l. Females could thus look for areas in the lagoon where salinity would be more favorable to the hatching of larvae. According to Laurent-Bizot-Espiard (1984) , the massive June recruitment in the Seudre marshes corresponds to high reproductive activity ratio level in April and May, although summer hatching does not succeed. Contrary to Bouchon (1988) observations, in the Seudre marshes, and those of Alliot (1984) in Guérande marshes, the juvenile cohort in the Vaccarès is unimodal and only one recruitment peak has been observed, corresponding to a unique spawning period. Moreover, Bouchon (1988) showed that summer reproduction, as we recorded in 1994, generated a low recruitment, due to environmental conditions influencing larval development. As we observed in the Vaccarès system, Laurent-BizotEspiard (1984) showed also in littoral marshes of Charente that a part of the cohort hatched in May, e.g., individuals of about 3 months old, can reproduce from August. In the Vaccarès lagoon, females could thus reproduce for a first time at 3 months old then a second time the following year at one year old. Most of Atlantic populations spawn a first time at one year old (Beaudelin, 1977; Charles-Dominique, 1978; Marchand and Alliot, 1981) at the beginning of summer; the following year, females spawn and then die soon after (Beaudelin, 1977; Charles-Dominique, 1978) . Marchand and Alliot (1981) observed that older females generally reproduce twice the second year, in winter and spring. A deficit in females in September 1994 could be explained by the late reproduction generating high mortality at the end of this reproductive period. No recruitment in July occurred this year and mortality would not be compensated by young of the year.
Life span recorded in the Vaccarès lagoon (13 months for males and 14 months for females) is shorter than that recorded on French Atlantic coasts, i.e., two years (Table 6 ; Beaudelin, 1977; Charles-Dominique, 1978; MichauxCloarec, 1979; Marchand and Alliot, 1981) , and in Great Britain (Jefferies, 1964) . In a same way, sexual maturity is reached during the first months of life in the Mediterranean, while prawns are mature only at the beginning of winter for most of the Atlantic populations. Environmental conditions in the Mediterranean Sea, especially high water temperatures, could lead to variations in the biological cycle of the species when comparing with Atlantic populations (Table  6 ). In freshwater invertebrates, temperature is indeed well known to be one of the most important factors influencing growth rate (Tiews, 1954; Kinne 1971) . As already stated in Crangon crangon in the same lagoon system, high water temperatures in the Mediterranean Sea generate higher growth rate with reduced intermoults, which could explain earlier maturity (Gelin et al., 2000) .
In the Seudre marshes (Laurent-Bizot-Espiard, 1984; Bouchon, 1988) and fish reservoirs of Arcachon basin (Beaudelin, 1977) , it seems that one part of the population migrates seasonally, inside the same ecosystem, partly in relation with reproduction. In Seudre marshes, these migrations would concern only one-year old individuals, migrating to spend winter in the Seudre estuary, and returning to the marshes when two years old (Laurent-Bizot-Espiard, 1984; Bouchon, 1988) . As observed in Palaemonetes antennarius, these migrations suggested an active research by females of favorable conditions for the hatching of larvae. In the Vaccarès system, the decrease in population size at the end of the year could reflect the departure of a part of the population after the reproduction. However, catches fluctuated in a parallel way in the Malagroy lagoon, showing a homogenous spatial colonization of the system by this species. It is thus not likely that this kind of migration occurred in the Vaccarès, especially as a two-year old cohort was never observed. The decrease in population size could be explained by the drop in catches linked to a lower activity, due to low winter temperatures.
Growth.-Despite the changes in environmental conditions, e.g., salinity decrease, during the summers of 1993 and 1994, growth rates of P. varians females were similar for both years, although the cohort hatched in 1993 mainly grew in salinity close to 15 g/l, and this of 1994 in salinities of about 5 g/l. Results showed also that mean sizes of females were superior in 1994 to those in 1993. These results confirmed the euryhaline character of P. varians in which growth was not affected. Indeed, Bouchon (1988) showed that maintenance at high or low salinity, as well as a decreasing salinity from 35 to 15 g/l, did not influence the moulting cycle of the species. Only those individuals subject to a salinity increase had a shorter mean intermoult period. This evidence of an influence of salinity on growth, that being quicker at 15 g/l than at 35 g/l, reflects an easier regulation under low salinities (Bouchon, 1988) .
CONCLUSION
Preliminary results of our genetic study confirmed the presence of Palaemonetes varians in the Camargue, with no possible confusion with P. antennarius. Not only RAPDs methods allowed us to identify the species present in the Camargue, but also results showed their potential for revealing polymorphism within Camargue populations, which could prove useful for assessing the relationships between different populations in the lagoon complex. Additional genetic analyses should permit us to distinguish precisely the various Palaemonetes species present in the Atlantic Ocean and in the Mediterranean.
The sudden environmental changes affected P. varians just after the floods but high osmoregulatory capacities should have probably allowed the species to maintain in a low salinity environment without increasing energetic needs. It would be very interesting to analyze osmoregulatory capacities during ontogenesis.
